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TI Water soluble mutant glucose dehydrogenase useful for assaying glucose in 
clinical laboratory samples, comprises glutamine, asparagine and threonine 
substituted by arginine. 
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AB JP2003093071 A UPAB : 20031112 

NOVELTY - Water soluble mutant glucose dehydrogenase which requires 
pyrrologuinolone guinone as a coenzyme, comprises glutamine, asparagine 
and threonine substituted by arginine. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for: 

(1) a gene encoding the modified glucose dehydrogenase; 

(2) a vector comprising the above gene; 

(3) a transformed host cell comprising the above gene; 

(4) an organism in which the above gene is integrated into the 
chromosome; 

(5) producing modified glucose dehydrogenase; 

(6) a glucose assay kit comprising the modified the glucose 
dehydrogenase, and 

(7) a glucose sensor comprising the modified glucose dehydrogenase. 
USE - Used for measuring glucose in clinical laboratory samples by a 

fixed quantity assay, and in food analysis. 
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1 (54) Title: GLUCOSE DEHYDROGENASE 
I (54) §£W<D%,ffi: ^JUa— XfttzKsBPS 

j (57) Abstract: A modified water-soluble glucose dehydrogenase which acts with pyrroloquinoline quinone as a »«W 

I which one or more amino acid residues present on the surface of the enzyme molecule and present ma region which ,s bought to have 

I Se chains exposed on the molecular surface and not interacting with other residues and is thought to be nether an 

5 acdve a ea no^a substrate-bonding area have been replaced with arginine. The one or more ammo ac.dres.dues are preferably 

| LlecIJfrom the group consisting ofglutamine, asparagine, and threonine. This modified enzyme can be efiicently recovered after 

| production by recombination. 
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5 ^0J«t o na=3r7 ]) y^r/y (PQQ) £«St ^^—^W^Wfe 
* (GDH) CD#^CDT5 y^a^^,cr)T5y^a»T'«m^^XV^«M 

if (c: *5 5 ?jv =i—*<D feMtiZLftm "Cfc 5 o 

10 WJrS^f 

/l^n — b^^5^^— t? (GOD) *>5V^^ =— ^6 I? ^fi&fikfc^g^ (G 
15 6PDH) felV^SKia 9 3»£;h/tW::„ ftifi, IffcWtL-c^ 
o^/y^/X^ttatSft-t-S^/V'S-^lfcic^S^f (PQQGDH) cD^ffi 
i £tl/CV ^ 0 PQQGD Hfi^Vl/^ — * KM UXi^ v -^SMbSHt&^r u-cv 

SafSr^HRi: l^Jfev^ tfjv^— x-tei/y-— ©Wite(f-7-«:r±U.iJ> t Lt, 

20 TyW^ <DJCSffldSSB^$tbXV>S„ 

P QQGDHIi, \*uti*S yis*s>zmsmk-pz?'/v=i--xi&7i<.mms 
PQQGDHttt, K^wmt7^w*^fc^^<i:^e>tt-rvN5o II 

^ttPQQGDHIt #^*fa8 7 kDaO^/^f KSSSfXfcD, 
25 a^^^7^i^fe«i-*3VNXJtS<^V^Tc^n-CV^?> 0 — MttPQQGDH 
ft A cinetobacter calcoaceticus ©iKo^Otfc 
*51/^T-^<59#&^5ii^$tL-r*5?) (Biosci. Biotech. Bioch 
em. (1995), 59 (8), 1 548-1 5 5 5) , ttWSBk&ft&ir 
p^y^^7 5 yifcE?IJ*SWfe3&MC**L-CV^5 (Mol. Gen. Gene 
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t. (1989), 2 1 7:4 3 0-436)o A. calcoaceticu 
s SMttPQ.QGDHil ^IfisOkD.Ct^ h 2o^feft* 

SrjgJSf iU 2 2 0 0 U/m g ~ 7 4 0 0 U/m g t ^ 0 flGV «^f££^-To 
mm&*K PQQ^^V^^T«W9. 2, *c|Bd-CttlO. 2 

Matsushita, 

et al. (1 9 9 5) B i o s c i . B i o t e c h . B i o c h e m. , 
5 9, 1 5 4 8-1 5 5 5) „ 7»&P QQGDH©X**3iAWtf>*£* 

«tt*ftt»D (A. Oubrie, et al. (1 9 9 9) J . Mo 1 . 
Bio. , 289, 319-3 3 3*5 it* A. Oubrie.et al. (1 
9 9 9) TheEMBO J o u r n a 1 , 1 8 ( 1 9 ) , 5 1 8 7- 5 1 9 
4) , «PQQGDH©4M1^PQQ^^ C a 2 + ««t^ 

«PQQGDH©ffllSl-lltm DuineM\ A. c a 1 c o a c 
eticus^ttPQQGDH^lU 10%«^640U 
/mg©Jt«!lT^ (P. Dokter, et al. (1 9 8 6) B 
i o c hem. J. , 2 3 9, 1 6 3-1 6 7). ttbtttftt (A.c a 1 c o 
a c e t i c u s) ^feW«Ufc7K»ttlif^«-U * 1^7 

^^n^b^77^-0|lR-CtfV\ SDS-PAGEtf)50kDa©i/^ 
/W^Ftritfco ^-<©«©W3fCf4 4%©lHlWC2 2 1 4U/mg©^ 
(K. Ma t s u s h i t a , e t a 1 . ±M) . * fcfc, fcfettzk 
ittPQQGDHOStW^ift^^^^^ 1 ^ 

^7 4 0 0U/mgOJtt3H4Sr#-rVN5 (A. J • J • Olsthoorn, a 
nd J. A. Duine (1 9 9 6) Archives of Bioch 
em. Biophys. , 3 3 6, 4 2-4 8). 
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-TS^ife&SfclkftT^S (H. M. Sassenfeld, and S.J. 
Brewe (1984) Biotechnology, 2, 76-81) „ ^ 
©^■^iSSttiefe fe 3 Tk^tt P Q Q G D H JOSffi-TtL tf , zM£t£ P Q Q G 

^pjf et*©7«p q q gd ut, *s$s{*s^^-e# sefe^M 

P q-q GDH*WBBi--« «WW«*tT*ofc**- tK#I4P Q Q GD H*>*ffi 
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" ma. Acinetobacter c a 1 c o a c e t i c u s 

PQQGDH"Cfe5o 

Acinetobacter c a 1 c o a c e t i c u s A 

5 20 9#I©W5^ 2 4 0#I^7^»^3 8 9SI 

15 ^B^M^^l 

u 3 *»woaaea»w© sds-page ^t^ist^5 0 
mm tern** * *l*><dMl&<ot&i& 

«**6tt^**H*™HW2 0 0 1-2 9 4 8 4 6#^»*^!B*^ 
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Pfrdsgy p oogdh (Pggtt- 

axmmp q q g d h srnarr s fc*^r±. 3c*s*>**ttp q q g d h 

*tt, ^T^^b^oTfl5 :7«PQQGDHieWffi-ti^ 
**©«*-**>*^ SMStfcSri, «*#*H*BUfc 

is *w*v**9^ h 9 9 y4-vmm&$**r*i±»* *t ****** 

PQQGDHtDi» 



Ac inetobacter c a 1 c o a c e t i c u s *#D***>** 
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^ 7 ^^*=- K^*«WEW^««- 9 ***** 

*V*T*P&iVC*S!K Samb rook <b, "Molecular C 

loning; A Laboratory Manual",^, 19 
89, Cold Spring Harbor Laboratory Pr 
ess, New York&B«*^5. 

K)"fc#AU ^«S4«S «K«i-6 0 

mtttWiU PQQGDHHtf*»IW*t#5tfc# 
-eta. fc*VM*, ISftte^^^^SlfcWO, HflLfcPQQ 

TO^t^ra^ ittfeOV^MV^tiV^ CM— 5 P 

W, CM-Toyopear 1 6 5 CM, SP-5PW (fiLh, 

|±) S -k77B^ Mono-S,S-Resorce (SU^T^f 
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T iMO(«H. SDS-PAGE, HPLm mm********* 
*»«OPQQGDHtt, PQQtWWfctX, ^-^ifttt^ 

S (7«-fS?^M^^*-h) -DCIP (2, 6 -^*^/-/W 

PQQGDH^ft<fcMB07^fc+»«rttf. «»K:tt, 
H* «WO«JBlPQQGDH^ T**^*«*»«* ^ 
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*m^t~rz> 0 mmtvxn, - 

U< fi*lS©»P Q Q G D Hfi* n^b LfeII-CtS± ti^bt 2. 

T*mm<DMmx*mfeiku pQQ^mmt\,xmtn-mm^xim-r^ 

iifAg/Agciii) ^v>5c ^-#>-«^-ScD«BE^p*pu-r. m 
ffitfMmzte^tc^ y,v^~**^tem**Mitxmffi<Dmu*m^%o m 

izmfetstiz hoxn^\ 
mmm 1 

P Q Q G D H»<5ti 
IB^J#^§- 2 (C^ £ tl> 3 Acinetobacter calcoaceticus fi*PQQGDH <DM& 
m&=?-%*>k^ Kgnm^ffofco ^5KpGB2H — pTr 

c 9 9 A (7 7/^^7^) <D-?J^? X2^~y^^\tLK, Ac i n e t o b 
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a c t e r c a 1 c o a c e t i c u s QQGDH*=«- FT**** 

^S:#AUfct»©t?*>* (HI) . ^ 

Q209R 

5'- gCCAACTCAACgTgAACTgAATg -3' (mm^ 3 ) 
D229R 

5'- CTTAAATCTTC gTggAAgTATTC -3' (K?U## 4 ) 
N240R 

5'- CCAAgTTTTCgCggggTggTTAg -3* (iB^J#-^ 5 ) 

KpKFlSk (^M51r <#> ) Acinetobacter 

calcoaceticus QQGDH*=»- Kt«W»«HI«f K *>* ^ 

£jgjf («0 iMu t a n (SMIM) "Express Km^r^ MCf**© 

(2 0^ i) oi/i OKOPI*?' y^y77-iHK 

»#U 10OU 3^»I^7^;Kt»^ l*»U7c 0 * 
-yHy^^HipKF l 8 k W v-^WM^-t^fo^-*^ 

. % 1..10T4 DNAy«l^»T4 DNA#M9-**iW 
rtb^DNA©^^7f«»»fo5 E.coU- BMH7 1-18 
:^»Ufc^^5 Hfc E.coli MV1 1 8 4K3^U * 
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GB 2±^IPQQGDH^3- Y-fZ>m.fc*V> Kpn I'Hind III Wifrk A 
to**.* Q2 0 9R, D2 2 9R4 WN2 4 0R»3l3fO«***t5* 
«PQQGDH OTMPQQGDH) ©3t^*:flM6bfc. 
M 2 

^ffl^fcttilWaiPQQGDHfcsi-Ki-**^^ E. col 

4 5 0ml©L«* (7^>yy50,g/ml^) ^"^^^^ 
■C3 7t^-«6Si5JSlU lmM C a C 1 5 0 0,MPQQ^7 

KUt). 3mMKWJ:5fcW»U 5*IRW*bfc. ***** 

(5, OOOXg, lOmin. 4°C) -C**Ufc*. 0. 85% Na 
Cl»2»tfco :«!OmM^«i (PH7. 0) T*l 
SU7Vyf-/^«(llOMPa) Lfcll^'dS, 00 
OXg, 15m in, 4°C) ^2 0^\ ^^«^^^ Lfc » 
-©J:«^^i (4 0, OOOr. p. m. , 9 0m in, 4°C) U * 
^^^Jc^m^iTb-C^ :^A^,77" (lOrnM MOPS-N 
,OH*» (PH7. 0) ) Tr4^fc-C-lftWfU 
20 »ffl3 

^atlOmM MOPS-NaOHl«.( P H7. 0) , B*V7T- 
fcb-CO. 8M NaCl + lOmM MO P S -N a OHi«i ( P H 7 . 

0) £J1WCL 0 

t05«iOA^77-«^ B^77-WtOM-0. 
64M NaCl (120min) ©**^5*n^fcWt. Btt*>»*** 
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fcH £-frfc 0 fc*5, StBtfiO . 5ml/mi n-?fTV\ 2 8 0 n m^i^tft^ 

P Q QGDHI«^f 4 -te:*5V^*& 2 0^ &*& 8 0 

mM#3EUl*aotr-^«r^U 3f»fttPQQGDH}4^3 8^ M« 
5 19 0 mM#3EtC»ao t°~^ ^ Ufc. 

^ t °_ ^ o@#£r SDS-PAGE T*##f bfc»*S:B 3 {-^-r o 3fe£Sbk 
P Q Q G D H luOl >T te, |^^tfe550kDa© ^^^^ > K 

dtUcSfrU If^TK^tiPQQGDHtrtt^^)^^^ KaULfeftfco 
10 glW!l4 

S^f 10 mM MOPS-NaO limm ( p H 7 . 0 ) * Kl*5 

VMTPMS (^-fv^ bf^7s- h) -DC IP (2, 6-^up7x 
/^WyhViy^) «rJBV\ D C I P©6 0 0 nm©ttM^^ 

l^MtCl M mol©DCI P*SJS5fc$tLS**fi^S:l3-=S' ^ ^» 
DCIP©pH7. 0(^(t5^K»416. SmM-^Lfc. 

HQ, ittttGDHgtttfcS, 
20 g^M5 

0 0{«©10mM MOPS-NaOHtI« (pH7. 0) TM'CteT— ft 
3l*f U stfr-Zfr UMPQQ, 1 mM C a C 1 a^T^ 1 U#WEA_L* n-ffc 
25 Ufe 0 rtb«r 187/il fo^ftb, 3 p 1 ©7£f£f£3l (6 mMDC IP48m 
1, 6 0 0mMPMS 8 nl, 1 0 mM U ^ifcHflB* P H 7 . 0 16^1) 
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^ 3 -^W5gttlt ^S7«PQQGDH«7 1 0 OU/mg, 
»7«PQQGDH»7 8 0 OU/mgfM, KffH WSttSr* Uk. 



MPQQ. ImM CaCl 2 #STtl»*nftU 
-^WS.MPQQ, 10mM C a C 1 2 #ftT«ffiti«U. 
*&tt?tfttt 4 |£B«©lMliSttO«ft»» D C I P © 6 0 0 n m©»ft 

5 mM- 5 0 mM<D®|t'^=>-^^tI^ 5 ^ * 

5 uoMaWHW-^^ b 2 0 m g ^Di«i^fco ^ 

/^tFmiOmM MOPSttW (PH7. 0).^i^3O« 
SUfct , 20mM?^fettfl0mM MOPSi« ( P H7. 0) *T? 

OmM MOP S*»* (PH7. 0) + 1 «rtB«±WflS***i. « 
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Acinetobacter calcoaceticus ft^^ttPQQG 

3. Acinetobacter c a 1 c o a c e t i c u s &&<D fc* V P 

2 4 oSKDT^y^vai^i^s 8 9#l©M^t 

4. 2 0 9SlO^^^l, 2 4 0#l©7^^7^y^l*5it>'3 8 
5 . i - 4 ^JBi**»** Ft- 
7 . ltt*& 5 lc|Stt©3S^f - «r^t> ^w^m^o 

l o . 1-4 ©v^n^(c:fB«(D^«^>3-^^7k^^^tp^ 

^3— ^"fe^l?— o 
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Kpn\ HindWl Kpnl Hind\\\ 



[ 2.2Kb] 



pGB2 \ ^pKF18k 

^ / 

Kpn\Hind\\\ , ^ m 

™ b , L J 

*\ / pKF18k 
KpnjHjwdttl 
(3.3Kb J 



Kpnl H/nd HI pK Fi8k+pQB2(KpnI-H//»dlH) 
K gnl H ind III 



\ 



^ p KF18k+pGB2(Kpn l-MndHI) 
\ K pnl H ind HI 



\ 



\ Kpnt Wnd HI 



^^^PQQGDH 



g * £ S3 itt GUI26) 
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®5 



m. # £ m «s (MHJ26) 
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Sequence Listing 

<110> Sode, Koji 

<120> Glucose Dehydrogenase 

<130> psg9008W0 

<150> JP 2001-294846 

<151> 2001-09-26 

<160> 5 

<210> 1 

<211> 454 

<212> PRT 

<213> Acinetobacter calcoaceticus 
<400> 1 

Asp Val Pro Leu Thr Pro Ser Gin Phe Ala Lys Ala Lys Ser Glu Asn 

1 5 10 15 

Phe Asp Lys Lys Val lie Leu Ser Asn Leu Asn Lys Pro His Ala Leu 

20 25' 30 

Leu Trp Gly Pro Asp Asn Gin lie Trp Leu Thr Glu Arg Ala Thr Gly 

35 40 45 

Lys lie Leu Arg Val Asn Pro Glu Ser Gly Ser Val Lys Thr Val Phe 

50 55 60 

Gin Val Pro Glu I le Val Asn Asp Ala Asp Gly Gin Asn Gly Leu Leu 
65 70 75 80 

Gly Phe Ala Phe His Pro Asp Phe Lys Asn Asn Pro Tyr lie Tyr lie 

85 90 95 

Ser Gly Thr Phe Lys Asn Pro Lys Ser Thr Asp Lys Glu Leu Pro Asn 

100 105 110 

Gin Thr lie lie Arg Arg Tyr Thr Tyr Asn Lys Ser Thr Asp Thr Leu 

115 120 125 

Glu Lys Pro Val Asp Leu Leu Ala Gly Leu Pro Ser Ser Lys Asp His 
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130 135 140 

Gin Ser Gly Arg Leu Val lie Gly Pro Asp Gin Lys lie Tyr Tyr Thr 
US 150 155 160 

I |e Gly Asp Gin Gly Arg Asn Gin Leu Ala Tyr Leu Phe Leu Pro Asn 
5 165 170 175 

Gin Ala Gin His Thr Pro Thr Gin Gin Glu Leu Asn Gly LyS Asp Tyr 

180 185 190 

His Thr Tyr Met Gly Lys Val Leu Arg Leu Asn Leu Asp Gly Ser lie 
195 200 205 

10 Pro Lys Asp Asn Pro Ser Phe Asn Gly Val Val Ser His lie Tyr Thr 
210 215 220 

Leu Gly His Arg Asn Pro Gin Gly Leu Ala Phe Thr Pro Asn Gly Lys 
225 230 235 240 

Leu Leu Gin Ser Glu Gin Gly Pro Asn Ser Asp Asp Glu I le Asn Leu 
15 245 250 255 

lie Val Lys Gly Gly Asn Tyr Gly Trp Pro Asn Val Ala Gly Tyr Lys 

260 265 270 

Asp Asp Ser Gly Tyr Ala Tyr Ala Asn Tyr Ser Ala Ala Ala Asn Lys 
275 280 285 

20 Ser I le Lys Asp Leu Ala Gin Asn Gly Val Lys Val Ala Ala Gly Val 
290 295 300 

Pro Val Thr Lys Glu Ser Glu Trp Thr Gly Lys Asn Phe Val Pro Pro 
305 310 - 315 320 

Leu Lys Thr Leu Tyr Thr Val Gin Asp Thr Tyr Asn Tyr Asn Asp Pro 
25 325 330 335 

Thr Cys Gly Glu Met Thr Tyr lie Cys Trp Pro Thr Val Ala Pro Ser 

340 345 350 

Ser Ala Tyr Val Tyr Lys Gly Gly Lys Lys Ala lie Thr Gly Trp Glu 
355 360 365 
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Asn Thr Leu Leu Val Pro Ser Leu Lys Arg Gly Val lie Phe Arg He 

370 375 380 

Lys Leu Asp Pro Thr Tyr Ser Thr Thr Tyr Asp Asp Ala Val Pro Met 
385 390 395 400 

5 Phe Lys Ser Asn Asn Arg Tyr Arg Asp Val lie Ala Ser Pro Asp Gly 
405 410 415 

Asn Val Leu Tyr Val Leu Thr Asp Thr Ala Gly Asn Val Gin Lys Asp 

420 425 430 

Asp Gly Ser Val Thr Asn Thr Leu Glu Asn Pro Gly Ser Leu lie Lys 
10 435 440 445 

Phe Thr Tyr Lys Ala Lys 

450 
<210> 2 
<211> 1612 
15 <212> DNA 

<213> Acinetobacter calcoaceticus 
<400> 2 

agctactttt atgcaacaga gcctttcaga aatttagatt ttaatagatt cgttattcat 60 
cataatacaa atcatataga gaactcgtac aaacccttta ttagaggttt aaaaattctc 120 
20 ggaaaatttt gacaatttat aaggtggaca catgaataaa catttattgg ctaaaattgc 180 
tttattaago gctgttcagc tagttacact ctcagcattt gctgatgttc ctctaactcc 240 
atctcaattt gctaaagcga aatcagagaa ctttgacaag aaagttattc tatctaatct 300 
aaataagccg catgctttgt tatggggacc agataatcaa atttggttaa ctgagcgagc 360 
aacaggtaag attctaagag ttaatccaga gtcgggtagt gtaaaaacag tttttcaggt 420 
25 accagagatt gtcaatgatg otgatgggca' gaatggttta ttaggttttg ccttccatcc 480 
tgattttaaa aataatcctt atatctatat ttcaggtaca tttaaaaatc cgaaatctac 540 
agataaagaa ttaccgaacc aaacgattat tcgtcgttat acctataata aatcaacaga 600 
tacgctcgag aagccagtcg atttattagc aggattacct tcatcaaaag accatcagtc 660 
aggtcgtctt gtcattgggc cagatcaaaa gatttattat acgattggtg accaagggcg 720 
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taaccagctt 


gcttatttgt tcttgccaaa 


tcaagcacaa 


catacgccaa 


ctcaacaaga 


780 


actgaatggt 


aaagactatc acacctatat 


gggtaaagta 


ctacgcttaa 


atcttgatgg 




aagtattoca 


aaggataatc caagttttaa 


cggggtggtt 


agccatattt 


atacacttgg 




acatcgtaat 


ccgcagggct tagcattcac 


tccaaatggt 


aaattattgc 


agtctgaaca 


960 


aggcccaaac 


tctgaogatg aaattaacct 


cattgtcaaa 


ggtggcaatt 


atggttggcc 


1020 


gaatgtagca 


ggttataaag atgatagtgg 


ctatgcttat 


gcaaattatt 


cagcagcagc 


1080 


caataagtca 


attaaggatt tagctcaaaa 


tggagtaaaa 


gtagccgcag 


gggtccctgt 


1140 


gacgaaagaa 


tctgaatgga ctggtaaaaa 


ctttgtccca 


ccattaaaaa 


ctttatatac 


1200 


cgttcaagat 


acctacaact ataacgatcc 


aacttgtgga 


gagatgacct 


acatttgctg 


1260 


gccaacagtt 


gcaccgtcat ctgcctatgt 


ctataagggc 


ggtaaaaaag 


caattactgg 


1320 


ttgggaaaat 


acattattgg ttccatcttt 


aaaacgtggt 


gtcattttcc 


gtattaagtt 


1380 


agatccaact 


tatagcacta cttatgatga 


cgctgtaccg 


atgtttaaga 


gcaacaaccg 


1440 


ttatcgtgat 


gtgattgcaa gtccagatgg 


gaatgtctta 


tatgtattaa 


ctgatactgc 


1500 


cggaaatgtc 


caaaaagatg atggctcagt 


aacaaataca 


ttagaaaacc 


caggatctct 


1560 


cattaagtto 


acotataagg ctaagtaata 


cagtcgoatt 


aaaaaaccga 


tc 


612 



<210> 3 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
20 <220> 

<223> primer for point mutation 
<400> 3 

gccaactcaa cgtgaactga atg 
<210> 4 
25 <211> 13 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
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<400> 4 

cttaaatctt cgtggaagta ttc 
<210> 5 
<211> 13 
5 <212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 5 

10 ccaagttttc gcggggtggt tag 
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